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Abstract

The results of the effect of doping on the superconducting transition in the Bi-Sr-Ca-Cu-O system
are reported. Samples were prepared under identical conditions with varying types (Pb, Sb, Sn, Nb) and
amounts of dopants. All samples consisted of multiple phases, and showed stable and reproducible
superconducting transitions. Stabilization of the well known 110 K phase depends on both the type and
amount of dopant. No trace of superconducting phase of 150 K and above was observed.

I. Introduction

Superconductivity in the Bi-Sr-Ca-Cu-O system was originally reported by Michel et al. [1] and
later by Maeda et al. [2] and Chu et al. [3]. There exists three distinct superconducting phases [1-7] in this
system, the orthorhombic unit cell structures of which differ [8] in the number of Cu-O planes (n). The

nominal compositions of these phases are: (i) Bi2Sr2CuO 4 (n=l, T c < 20K; 2201 phase), (ii)

Bi2Sr2CaCu2Oy (n=2, T c = 85K; 2212 phase) and (iii) Bi2Sr2Ca2Cu3Oy (n=3, T c =110K; 2223 phase).

It has been quite difficult to synthesize the 11 OK phase, the formation of which has been reported to be
enhanced by Pb doping [9-16].

Recently, Hongbao et al. [17-19] reported even higher transition temperatures (as high as 164K) in
the Bi-Pb-Sb-Sr-Ca-Cu-O system. They, however, reported significant instability of the high-temperature

superconducting phase. Their data show large drops in T c values after the samples are circled from liquid

nitrogen to room temperature in air. This prompted us to do a systematic study of the effect of doping on
superconductivity in these systems, and the results are communicated in this paper. Since our objective
was to investigate the effect of doping, all the samples in this study were prepared under the same
processing condition. The effect of variation in processing conditions is under investigation and will be
reported in a future communication.

II. Experimental

The samples were prepared by the standard solid state reaction route by mixing Bi20 3, PbO,

Sb20 3 (Sb2S 3 for sample #12), SnO (for #13), Nb20 5 (for #14), SrCO 3, CaCO3, and CuO in

stoichiometric ratios. All of the starting materials were dried in oven at 160 oc for an hour and stored in
desicator prior to weighing. This is clearly preferable to weighing the raw materials "as is" since a recent
report (20) indicates that many oxides contain variable amount of hydroxides which may affect the

composition of the final product. The mixtures were calcined at 820 oc for 12 hrs. After grinding and
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pressing into disk-shaped pellets, the samples were then sintered in air at 860 oc for 60 hrs. followed by a

fast cool (10 OC/min.). The nominal compositions of the samples prepared are given in Table I.

Table I: Summary of properties of the samples investigated

No. Composition* Processing Conditions Tc_er ° (K)

1 2-0-0-0-0-2-2-3-y-0 calcined at 820 °C for 12 hrs. 80
and sintered at 860 oc for 60 hrs.

2 1.7-.25-.05-0-0-2-2-3-y-0 " 94

3 1.7-.2-. 1-0-0-2-2-3 -y-0 " 107

4 1.7-. 15-. 15-0-0-2-2-3-y-0 " 100

5 1.6-.3-.1-0-0-2-2-3-y-0 " 106

6 1.7-.2-. 1-0-0-2-2-3.4-y-0 " 95

7 1.6-.2-.2-0-0-2-2-3 -y-0 " 82

8 1.7-.2-. 1-0-0-2-2-2.6-y-0 " <70

9 1.5-.4-. 1-0-0-2-2-3-y-0 " 99

10 1.5-.5-0-0-0-2-2-3-y-0 " 90

11 1.7-.3-0-0-0-2-2-3-y-0 " <70

12 1.7-.2-. 1-0-0-2-2-3-y-z " 81

13 1.7-0-. 1-0-.2-2-2-3.6-y-0 " 72

14 1.5-.2-. 1-.2-0-2-2-3-y-0 " 107

*Numbers represent p, q, r, s, u, v, w and x in BipPbqSbrNbsSnuSrvCawCuxOyS z

Resistance vs. temperature measurements were performed by the standard four-probe ac method

with a PAR lock-in amplifier. The X-ray powder diffraction (XRD) patterns were taken on a Philips
diffractometer at room temperature. The microstructural pictures were taken on an ISI-SX-40 scanning
electron microscope (SEM). The ac magnetic susceptibility measurements were performed using a recently
developed system by Xenikos et al. (21). This system detects the variation in the inductance of a coil

which is induced when the sample changes its magnetic behavior. This variation causes change in the
resonant frequency of the coil which corresponds to a change in the output voltage. The data is therefore
conveniently represented in terms of detector output voltage as a function of temperature.

III. Results and Discussions

Most of our samples, with the exception of a few, exhibited superconductivity. The pure 2223-
sample (#1) showed a very broad transition (Fig.la) with a low T c (-80 K). The doped samples, on the

other hand, showed sharp transition with higher T c -107 K (a plot is shown in Fig.lb for sample #3).

The T c values reported in this paper represent the temperatures at which the resistance of the samples
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goes to zero. It is interesting to note that none of our samples showed significant hysteresis in R vs. T
behavior with temperature cycles as reported by Hongbao et al. [18,19]. This indicates that we were able
to make rather stable and reproducible samples. We were, however, unable to make any sample showing

T c values as high as reported by Hongbao et al. We prepared one sample (#12) with similar nominal
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Fig. I Resistance vs. temperature of

sample #1 (a) and sample #3 (b).
Fig.2 Resistance vs. temperature of sample #3 (a)

and sample #12 (b)

composition as that of sample #2, but with different oxygen stoichiometry (Sb2S 3 was used instead of

Sb203). And our data (Fig.2a; #3 and Fig.2b; #12) indicates that the use of sulfide dopants instead of

oxides is detrimental to superconductivity in this system. Also a Sn-doped sample shows a lower T c than

a corresponding Pb-doped sample (Fig.3). On the other hand, both Nb and Pb doping seem to stabilize the
well known 110 K phase (Fig.4). The superconducting transitions in our samples were also confirmed by
the ac magnetic susceptibility measurements. Figure 5 shows susceptibility data for samples #1 (a) and
#3(b).
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Fig.3 Resistance vs. temperature of
sample #3 (a) and sample #13 (b).

Fig.4 Resistance vs. temperature of a Pb and Nb-
doped sample (#14)

109



-0'

E
-0.2

g

0
> -0.3 '

*0.4
0

0

u -0.5 -

-0.6

(a) • 0.00.

_ -0_0

o

-0.20

0 -0.30

-0.40

-0.50

(b)

25 50 75 100 125 150 _75 200 0 25 50 75 100 125 150 _75 200

Temperature (K) Temperature (K)

Fig.5 The ac magnetic susceptibility data of samples #1 (a) and #3 (b).
The zero of the voltage scale is arbitrary.

The X-ray diffraction data of samples #1, 2, 3 and 4 are shown in Fig.6, which compare
very well with those reported in the literature. It is quite evident that our samples constituted mostly of
2223 and 2212 phases and some 2201 phase. It is also interesting to note that as the amount of Sb

Fig.6
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increases from sample #1 to #2 to #3 to #4, two diffraction peaks around 30 ° become more and more
dominant. The XRD patterns of the Sn and Nb-doped samples (Fig.7) indicate that they are also
multiphase, consisting of mostly 2223 and 2212 peaks.

Figure 8 shows SEM micrographs of sample #3 (a: as prepared surface, b: fractured surface)
revealing plate-like grains, a characteristic of all the samples including the Sn and Nb-doped samples.
None of the micrographs of our samples showed any indication of thin filaments which were claimed to be
responsible for superconductivity above 150K in the work of Hongbao et al. [19].

A B
Fig.8 SEM micrograph of sample #3 (a: as prepared surface, b: fractured surface).

This study was not able to reproduce any of the superconducting phase above 150 K as reported
by Hongbao et al. [19] in the Bi-Pb-Sb-Sr-Ca-Cu-O system. In the composition range of Pb and Sb
doping we studied, the optimum nominal composition for the well known 110 K phase is that of sample
#3. Doping the material with both Pb and Nb seem to stabilize the 110 K phase. Based on the XRD and
SEM data, it is not possible to highlight any particularly distinguishing features of the Sn and Nb-doped
samples from their Pb-doped counterpart.
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